ulation. Its prediction from such constant ratios results in a large error of estimate which is systematically biased with respect to height and weight. BV prediction from the observed regressions of that parameter on weight and SA reduces the error substantially but remains biased with respect to height. BV prediction from the subject's degree of deviation from desirable weight affords a smaller error of estimate which is apparently free from systematic bias.
tion of latent function in acutely ischemic myocardium in the dog. 
SUMMARY Predictions of blood volume (BV) assume the ex-
istence of a constant ratio between BV and body weight or surface area (SA). We examined the validity of this assumption by calculating BV from plasma volume and body hematocrit in 160 normal volunteers whose weights ranged from -38.7 to 210.8% of desirable weight (assessed by a modification of the Metropolitan Life Insurance Company Desirable Weight tables). BV is not a constant fraction of body weight or SA in this pop-THE CLINICAL VALUE of blood volume (BV) measurements depends upon the accuracy with which a determination can be related to the expected normal value for a specific subject. Two methods for the prediction of normal BV are widely used at present. One relates BV to body weight, while the other relates BV to body surface area (SA).* The latter has been shown to be a significantly better predictor of BV than the former.2' Both methods, however, assume that the ratio of BV to the pertinent reference standard is constant. Observed variations in these values are considered to be random within a uniform population; accordingly, obese individuals should have the same ratios as lean subjects or those of normal body habitus. Several studies cast doubt on the validity of this assumption. Alexander has reported that otherwise normal subjects weighing more than 300 lbs had an average ratio of BV to height and weight. BV prediction from the observed regressions of that parameter on weight and SA reduces the error substantially but remains biased with respect to height. BV prediction from the subject's degree of deviation from desirable weight affords a smaller error of estimate which is apparently free from systematic bias.
body weight of 46 ml/kg while nonobese individuals were characterized by an average ratio of 86 ml/kg.6 Gregersen and Nickerson, using the Sheldon somatotype system, found that ectomorphs, endomorphs and mesomorphs tended to have different BV to body weight ratios. 6 Keys reduced the weight of 32 normal male volunteers over a six month period of dietary restriction until their weights stabilized at a level 25-35% below control values.7 Blood volume was determined before and after weight reduction. Calculations based on these data indicate that BV was 101.3 ml/kg after weight reduction, while control values averaged 84.4 ml/kg. These findings suggest that the ratio of BV to body weight does not remain constant.
The present study was undertaken to test the hypothesis that only individuals of similar proportions or equal degrees of deviation from desirable (or "ideal") weight might be expected to have similar ratios of BV to body weight. VOL 56, No 4, OCTOBER 1977 Keys' subjects developed significant anemia after weight reduction and their data are not included in the present series.
We selected subjects to obtain a spectrum of body weights ranging from underweight to extremely obese and a wide distribution of height. These group for women was determined by averaging the tabulated range limits.
2. A specific weight for minimal indoor clothing (2 lb) was deducted from each midrange value; 2 inches were subtracted from height for shoes.
3. The derived values were then plotted on linear graph paper and interpolated by eye to give specific values of weight to the nearest 0.1 lb at each height. Since height changes unidimensionally while body weight or mass changes three-dimensionally, the absolute increment in weight between successive increments in height must always increase. Hence, in extending the range of heights beyond that reported in the Metropolitan tables (56-70 inches) we determined the average increment in weight per unit change in height (3.8%/inch) and appropriately augmented or diminished the corresponding weight at each change of height by this value until the range of our own observations was encompassed (54-76 inches).
4. The midrange weight value of each medium frame group for men was determined by averaging the tabulated range limits. Two pounds was subtracted from each midrange value for minimal indoor clothing and one inch from height for shoes. The average difference between medium frame desirable weights for men and women at the same height was 107.5% (range 106-109%) throughout the published height range. The difference between midrange weight values in the central (64-67 inch) portion of the height range was exactly 108%. Hence men were assigned values which were exactly 108% of the corresponding value on the female curve at all heights. All individuals of the same sex and height were considered to have the same desirable weight.
5. All values of height and weight defined by the resulting reference curves were converted to their metric equivalents. Each individual's desirable or reference weight at his specific height was determined from the curve, and his percent departure from desirable weight was calculated as ±% desirable wt= actual wt-desirable wt X 100 (1) desirable wt
Our use of these tables to assess variations in BV assumes that individuals who differ equally from their reference weight (± percent overweight) are proportional to each other with respect to their blood volume.
Results

Effect of Body Composition on BV
The relations between blood volume and height, weight and surface area, respectively, are indicated in figure 2 . While blood volume increases with the respective body dimension in each case, the regressions fail to pass through the zero intercept. Hence the ratio of blood volume to each independent variable is not a constant value.
This conclusion is confirmed by the wide and systematic variation in the ratio of blood volume to body weight indicated in figure 3 where the ratio is shown as a function of percent deviation from desirable weight. In extremely underweight but otherwise normal subjects the ratio of BV to body weight is 90-100 ml/kg. As the degree of obesity increases the ratio falls until it appears to level off at about 43 ml of blood per kg body weight. In very thin individuals the ratio is almost 2.5 times higher than it is in the presence of severe obesity. A continuous hyperbolic spectrum of BV (ml/kg) populations can be identified on the basis of de tion from desirable weight. The regression curve in figu was calculated by the least mean squares method withir tervals of 6% deviation from desirable weight in the ra +40% deviation from desirable weight and within inter of 12% in the range of 40 to 200% deviation.12
The ratio of BV to SA (ml/M2) is shown as a functio degree of deviation from desirable weight in figure 4. In ( trast to the relationship in figure 3 there is a wide and in( stant scatter of values for the population as a whole. C within the 0 to 30% range is there a relatively small dis sion of ratios. Despite the fact that all measurements X made in normal subjects in good health, a consider number of observations in both lean and obese individ falls well outside the range (2566 ± 235 ml/M2 for n 2234 ± 191 ml/m2 for women) considered to be normi 3 BV = body weight (kg) X ratio (ml/kg). (2) The blood volumes predicted by this method were computed from a regression curve which could be read to 0.1 ml/kg and 0.2% deviation from desirable weight. Table 2 significantly in their average composition with respect to body habitus. The variation in BV to SA ratios encountered in the present study is also greater than has been reported previously.2 Analysis of the dispersion of these values with respect to deviation from desirable weight ( fig. 4) indicates that the scatter is relatively small only within the narrow range near Others have also considered the effect of body composition on BV. Allen has developed a method of prediction, based on the study of a group of Taiwanese subjects,82 which involves weight and cubic function of height. A high degree of correlation between observed and predicted values was found in this limited population. When this formulation was applied to the diverse population reported in the present study the accuracy of prediction achieved was better than that of the body weight reference standard (method 1) but not as accurate as that obtained by using the surface area reference (method 1).
Wennesland and associates studied 201 males of average proportions and developed a series of multiple regression equations for BV prediction derived from height and weight.' They noted, even in their relatively uniform group, that the accuracy of BV prediction decreased as individuals whose dimensions differed from the center of their height-weight scatter diagram were considered. They also recognized that their equations should not be applied to dimensions beyond those within their relatively uniform population.
Gregersen and Nickerson," and Moore3 also used separate equations for obese, normal and lean subjects. However, no simple criteria were reported for classification according to these subgroups. With the deviation from desirable weight reference standard it is possible, however, to determine BV to body weight ratios for a continuum of subgroups rather than for two or three groupings such as obese, lean and normal and to give exact criteria for identification of these subgroups on the basis of weight and height alone.
The measurement of BV has limited clinical usefulness without an accurate method for predicting normal values. The present study indicates that the smallest error of estimate is obtained by using deviation from desirable weight (method 3) as the reference standard (± 465 ml or ± 9% of the mean). This value is substantially lower than those obtained by assuming a constant ratio between BV and either body weight or SA. It is also significantly lower than that resulting from the use of the body weight estimating equation (P < 0.05). It correction factor might change in grossly obese subjects. The simultaneous use of plasma and red cell tags to assess blood volume independent of the ratio may also reduce the standard error to some extent.
A method for predicting blood volume which is both accurate and free of systematic bias should prove a useful tool in managing a variety of disease states. In one patient (case 2) the palliative operation was done using cardiopulmonary bypass, profound hypothermia to 26°C, and low flow (0.5 L.min.m2) during the repair. An incision in the right ventricular infundibulum was carried across the pulmonary valve ring and to the bifurcation of the main pulmonary artery. The parietal and portions of the septal band were excised, the free wall of the right ventricle mobilized, and most of the pulmonary valve excised. A preclotted, measured woven dacron patch was sewed into the incision to enlarge the entire area. In case 1 ascending aorta to both right and left pulmonary artery anastomoses were done through a median sternotomy, after finding the left and right pulmonary arteries too small for the planned repair. Cases 3 and 4 had end-to-side subclavian-pulmonary artery (Blalock-Taussig) anastomoses.
All patients were studied by cardiac catheterization and selective angiocardiography before the palliative operation, and two to five years after it (table 2).
Results
The right and left pulmonary arteries were considerably larger at the time of the postoperative study in all four patients ( figs. 1-4) . We considered them to be large enough to permit complete repair in all four.
Three of the four patients have successfully undergone complete repair including repair of the ventricular septal defect (tables 1 
